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锂离子电池负极材料进行电化学性能研究. 实验结果表明, Ge/GeO2纳米粒子的粒径约为40 nm. 该复合物电
极的第一次充放电容量分别是2045和1146 mA h g−1,库仑效率为56.0%. 50圈充放电循环后,当电压范围为
0.01~1.50 V时,容量保持在1008 mA h g−1. 倍率实验表明,该电极在1 C (1 C=1000mA g−1)和2 C倍率大电流





















中国科学: 化学 2017 年  第 47 卷  第 5 期: 626 ~ 631
SCIENTIA SINICA Chimica chemcn.scichina.com
论 文 庆祝田昭武院士90华诞专刊















至98℃,继续搅拌4 h. 滴加10 mL 30% H2O2,反应完毕
后抽滤,用5% HCl溶液洗涤3次,再用去离子水洗涤3
次. 用BaCl2溶液检测滤液中有无SO4
2−, 2500 r min−1离
心,将样品置于60℃真空干燥箱中干燥,备用.
2.2   Ge/GeO2/多层石墨复合物的制备
配制50 mL、0.1 mol/L的NaBH4溶液, 置于冰水
(4℃)中储存备用.
称取0.025 g已制备的氧化石墨溶解在100 mL水
中,超声24 h后透析24 h,再次超声5 h,备用.
在250 mL三颈烧瓶中加入0.475 g GeO2和20.5 mL
0.5 mol/L NaOH,恒温搅拌并反应30 min,待固体完全
溶解后加入20 mL蒸馏水,随后加入0.05 g牛血清白蛋
白(BSA),继续搅拌至完全溶解在溶液中. 用10%的稀










(X-ray diffraction, XRD, X’pert Pro Super X-ray diffrac-
tometer, Philips,荷兰)进行分析,扫描范围5°~80°,扫描
速度为5° min−1. 复合材料表面形貌用透射电子显微







试范围为0.01~1.50 V (vs. Li/Li+).
3   结果与讨论
图1是复合物的TEM图,可以看到Ge/GeO2复合物



























































图5(a)中所示的是在0.01~1.50 V电压范围 , 100
mA g−1电流密度下, Ge/GeO2/MLG复合材料的第1、
2、25和50圈的充放电循环曲线. 从图中可以看到,第




















50圈的充放电容量分别为1130和1047 mA h g−1、1018























位于 0.62 V的峰是由于形成SEI膜引起的 [25];




















定,其值为1130 mA h g−1, Ge/GeO2/MLG复合材料在50








大电流的循环中,尤其在1 C (1000 mA g−1)和2 C电流
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Ge/GeO2/multi-layer graphite nanocomposites as anode materials
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Abstract: Germanium (Ge) has been considered as a promising material applied in lithium-ion batteries due to its
unique properties, e.g. high capacity, fast lithium-ion diffusivity, and high electrical conductivity. In this work,
Ge/GeO2/multi-layer graphite (Ge/GeO2/MLG) nanocomposites have been synthesized using a solution process from
graphite oxide and GeO2 precursors. The electrochemical performances of the prepared Ge/GeO2/MLG nanocomposites
were then investigated. The experimental results indicated that in the first cycle, the electrode delivered discharge and
charge capacities of 2046 and 1146 mA h g−1, giving the Coulombic efficiency of 56.0%. After 50 cycles, the electrode
capacity was still maintained at 1008 mA h g−1 at 100 mA g−1 in the potential range from 0.01 to 1.5 V, and it reached
high capacities of 790 and 700 mA h g−1 at the high rates of 1 and 2 A g−1.
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